This research was conducted to estimate the relationships between various quality traits of winter wheat. The field trial was carried out in the Research and Application Center of Faculty of Agriculture, Uludag University (Bursa / Turkey) during the 2012-2013-2014 seasons. Twenty-six different winter wheat genotypes were used as genetic material. Certain quality traits such as protein content, zeleny sedimentation volume, delayed sedimentation volume, falling number, gluten, gluten index and hectoliter were measured. The results for the individual years and the combined data for all three years revealed that there were positive and significant correlation between protein content with delayed sedimentation and gluten index indicates. The negative and significant correlation between gluten and gluten index was determined in the study and gluten index decreased while gluten content increased. A positive and significant correlation was found between hectoliter with delayed sedimentation and falling number. Thus, the relationships between these traits are considered as criterion that can be used in selection for quality. (SBx15-4)-5, (Gx22-1) and (Gx22-1)-6 and Bezostaja, Flamura genotypes were found to be good for breadmaking flour quality according to their superiority with respect to at least three and more quality criteria for all three years.
INTRODUCTION
Bread wheat (Triticum aestivum L.) is widely grown and the most consumed food crops all over the world. It is also a major field crop in Turkey (Akcura et al., 2016) . Compared with other cereals, it provides food for human with more calories and proteins in the daily diet, a considerable amount of trade throughout the world, and a lot of other products (Bushuk, 1985; Branlard et al., 2001; Yıldırım et al., 2011) . The need for quality wheat is increasing day by day. For this reason, the need for highyield, high-quality, and disease-resistant varieties to achieve the desired yield potential demonstrates continuity (Kurt Polat et al., 2015) . The developments of high breadmaking quality wheat responding respond to improved agricultural practices are the main achievements for bread wheat breeding programmes. In the last few decades, efforts taken by wheat breeders have resulted in successful development of bread wheat varieties possessing better quality parameters (Tayyar, 2010) . Nowadays breeding of wheat (Triticum aestivum L.) concentrates largely on the improvement of wheat flour quality due to the importance of quality flour in bread making, end-product quality, nutritional value, and economic impact. To predict the quality of flour a number of physical, chemical and rheological characteristics must be determined. There are numerous tests to determine wheat quality for making different food products. Among them, protein content, falling number, zeleny sedimentation volume, delayed sedimentation volume, hectoliter, gluten and gluten index was been measured.
The purpose of the research was to compare the variation of the quality traits of bread wheat genotypes and also to estimate the correlations coefficients between quality traits.
MATERIALS AND METHODS
This study was carried out in the Research and Application Center of the Faculty of Agriculture, Uludag University (Bursa / Turkey) during the 2012, 2013 and 2014 growing seasons. Twenty-six different winter wheat genotypes were used as genetic material. Twenty-two advanced lines which were obtained through the hybridisation of six different parents and four cultivars, namely, Gönen, Pehlivan, Bezostaja and Flamura in these genotypes. The field experiment was conducted in the Randomized Complete Block Design in three replications using 6 m 2 plots. Seeding rate was 550 seeds m 2 in all experiments. The field trials were planted between 1 and 15 November in each year, which is the optimal sowing time in the region. Total rainfall values during the growth period ( November-July) in the years 2012, 2013 and 2014 were recorded as 647.8 mm, 592.9 mm and 500.8 mm, respectively (TSMS, 2015) . The soils of the center were mostly heavy textured, in alkaline pH and in low salt concentration. Contents of organic matter, nitrogen, phosphorus, potassium, calcium, magnessium, iron, copper and manganese were quite higher than the required level (Ozguven & Katkat, 1997) . 60 kg P2O5 ha-1 and 50 kg N ha-1 were applied at sowing and additional 100 kg N ha-1 was applied in the early spring. Weeds were chemically controlled in the spring. During the experimental years, there were no incidences of diseases or pests in the experimental plots. After maturity the plants in the plots were individually harvested with plot combine was carried out when grain moisture had declined to about 13% in the July.
Flour protein content (%, Kjeldahl method), zeleny and delayed sedimentation (ml, ICC standard methods 116/ 118), gluten (%, ICC standard method 137), gluten index (%, ICC,1994) , falling number (sec, ICC standard method 107) and hectoliter (test weight) (kg, AACC, 2000) were determined as quality criteria in the study.
An analysis of variance was performed for each trait for each individual year and for the combined data from all three years. The simple correlation coefficients among all of the studied traits were calculated according to the method given by Singh and Chaudhary (1979) .
RESULTS
The mean values and statistical differences of the observed traits among the twenty-six wheat genotypes are presented in Table 1 . Three experimental years were evaluated separately in the research. In addition, significant differences were found among the genotypes for every trait in all experimental years. The mean values of the examined genotypes revealed that the zeleny sedimentation volume (25-38.7 ml), delayed sedimentation volume (24-52 ml), falling number (152-628 sec.), gluten (29-49 %), gluten index (45-66 %), protein content (9.4-12.3 %), hectoliter (78.5-89.2 kg) respectively, in 2012. However, in 2013, the ranges for the same traits were 26-39 ml, 20-40.3 ml, 226-510 sec, 29-40 %, 49-78 %, 10.1-12.4 % and 79.6-83 .1 kg respectively. In 2014 the ranges for the same traits were, 27.3-38.3 ml, 19-37.6 ml, 224-510.6 sec., 28-38 %, 43.3-78 %, 10.2-11.8 % and 72-79.2 kg, respectively ( Table 1 ).
The correlation coefficients between the zeleny sedimentation volume and delayed sedimentation volume (r=0.324; p<0.01) falling number (r=0,236; p<0.01) were positive and significant for the three-year combined data. The correlation coefficients between the delayed sedimentation and falling number (r=0,420; p<0.01) protein content (r=0,176; p<0.05) and hectoliter (r=0,249; p<0.01) were positive and significant for the three-year combined data . The falling number correlation coefficients between gluten and hectoliter (r=0,279; p<0.01, r=0,199; p<0.05), were positive and significant but gluten index (r= -0,260; p<0.01) was negative and significant for the three-year combined data. The correlation coefficients between gluten and gluten index (r=-0,273; p<0.01) was negative and significant and gluten index had only one positive and significant correlation coefficients relation that is protein content ( r= 0,193; p<0.05) ( Table 2 ). Other correlations among the traits studied in the research were statistically nonsignificant.
DISCUSSION
Zeleny sedimentation volume range from about less than 20 ml for very weak wheat up to about 60 ml for the strongest wheat. Sedimentation values of 60 ml and over mean; this wheat consist almost entirely of strong wheat and of superior gluten quality. It is suitable for the mixing with weaker wheat for the production of bread flour. Sedimentation values of 40-59 ml; this wheat consist almost entirely of strong wheat and is of the type most widely used for production of bread flour. Sedimentation values of 20-39 ml; this wheat consist largely of low protein content wheat. Wheat in this range is best suited to the production of cookies flour and others types of flour or for use in mixing stronger wheat for the production of wheat flour. Cookie quality is associated with soft wheat flour of low protein content (Yao et al., 2014) . Sedimentation values of less then 20 ml; this wheat consist almost entirely of soft wheat. This used primarily for the production of cake, pastry, cookie and cracker flours (Unal, 2002; Kurt and Yagdı, 2013) . In general, the average sedimentation values were found to be moderate to low in all three years. However, the results from this study indicated that the genotypes, (SBx15-4)-1, (SBx15-4)-5, (Gx22-1)-6 and (Gx22-1) which were the highest results was the sedimentation values of 35.3-39 ml. For this reason these are suitable for production of cookies flour and others types of flour or for use in mixing stronger wheat for the production of wheat flour. Delayed sedimentation volume of the genotypes, which allows us to understand the insect damage of Eurygaster spp. and Aelia spp. and the increasing insect damage results in decreased delayed sedimentation values as well as flour quality (Tayyar and Gül, 2008) . Delayed sedimentation volume results generally showed no decline in the first and second years except for the third year. Nevertheless, the decline in the third year has not occurred in all genotypes. (SBx15-4)-1, (SBx15-4)-5, (Gx22-1)-6 and (Gx22-1) which were the most promising lines was the delayed zeleny sedimentation values range of 33-52 ml, so it can be said that the this genotypes in the experiment are suitable for flour making. Hagberg (1960 Hagberg ( , 1961 and Perten (1964) developed the falling number method as a simple and rapid technique for determining aamylase activity using wheat meal as the native substrate. Subsequently, this method has become the international standard that is used widely in grain classification, quality control and marketing. Grain with a low falling number due to high a-amylase activity causes substantial economic losses to growers, significant processing and storage problems and is generally reflected in poorer quality end-products (Derera, 1989; Edwards et al., 1989) . falling number values above 250, 300 sec or in some cases 350 sec are required for inclusion of delivered grain in high-quality grades depending on the receival standards set by the wheat industries in different countries (Gale et al., 1987; Mares and Mrva, 1993; Kettlewell et al., 1996) . The a, v genotypes The (SBx15-4)-1, (SBx15-4)-3, (SBx15-4)-5, (Kx15-4)-1, (Kx15-4)-2, (Gx22-1)-6,(Gx 22-1)-4 and Bezostaja genotypes were noted with their falling number values over 500 sec according to the average of the three year values. Thus, these genotypes belogs to a high quality class for the bread flour production. Gluten the main protein of wheat and gluten values of 20-27 %; this wheat consist largely of low gluten and protein content wheat. Gluten is the major protein within wheat flour, making up 47% of the total protein content. Gluten is responsible for the strength and elasticity of dough. Breadmaking qualities are largely dependent on the number and composition of gluten subunits. Gluten values of less then 20 %; this wheat consist almost entirely of soft wheat and not suitable for the flour (Schofield, 1994; Branlard et al., 2001; Kurt and Yagdi, 2013) . In this study 3 years avarege results indicate that the genotypes which were the most promising lines belogs to the gluten values of 35 % and over classification for this reasons this genotypes can be used production of wheat flour. Generally accepted the values of the gluten index range 60-90% in trade for breadmaking. If its value is high, its strength is high as well (Elgün et al., 2002) . The values of 3 years avarage of the gluten index as measurement of the genotypes which were the best genotypes (SBx15-4)-1, (SBx15-4)-5,(Gx22-1), Bezostaya and Flamura gluten strength were from 58% to 70%. The result of the 3 years avarage indicate that these genotypes suitable for the bread wheat production. Grain proteincontent was largely influenced by environmental conditions such as soil fertility, rainfall or temperature. Many authors (Bhullar and Jenner, 1985; Wardlaw and Wrigley, 1994; Daniel and Triboï, 2000) have shown that temperature and nitrogen nutrition influence grain protein content and many reports have been published on the relationship between wheat protein content and breadmaking quality too. In general, high grain protein content has been associated with good breadmaking quality (Horvat et al., 2015) . Previous studies also pointed out that the protein content of wheat was mainly dependent upon genotype which was reflected in this study too. There was a large variation in bread volume during the investigated years in the wheats used in this study. Unal (2002) , reported that good protein content changed between 10-15% in bread wheat. The results from this study indicated that the average protein content of the Gönen, Bezostaja and Flamura cultivars which is used in the experiment as a control was found to be 12% and the genotypes, (SBx15-4)-5 and (GxK) which were the most promising lines had 11.5 % protein content accordin to avarege of three years. For this reason these are suitable for production of bread flour. In the study, the hectoliter weight was found to be over 80 kg in the first and second years and range of 72.03-79.23 kg in the third year. As a result of avarege of hectoliter values that all genotypes are suitable for the production of high quality flour. 
CONCLUSION
The results from this study indicated that differential results were obtained for quality of the winter wheat varieties evaluated. (SBx15-4)-5, (Gx22-1) and (Gx22-1)-6 and Bezostaja, Flamura genotypes were found to be suitable for breadmaking flour quality according to their superiority with respect to at least three and more quality criteria for all three years. These lines were the most promising genotypes that could compete with Bezostaja and Flamura for a majority of the studied traits. It has been accepted that significant correlations between protein content, delayed sedimentation value, falling number and hectoliter could be used in the studies conducted for quality breeding in wheat.
